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encoding either male-specific mitogen-activated pro-
tein kinase 2 (MAP2) or female-specific NIMA-associ-
ated kinase (NEK4). These results showed that MAP2
is required for differentiation of male gametocytes after
genome replication while NEK4 is required post-fertil-
ization. The role of MAP2 in development of male ga-
metes has recently been confirmed in an independent
study (Rangarajan et al., 2005). The identification of
sex-specific proteins in male and female gametocytes
combined with the ability to construct P. berghei para-
sites that lack expression of specific proteins has pro-
vided a powerful approach to dissect the role of these
proteins in sexual development of Plasmodium.
Another interesting feature of this work has been the
suggestion that presynthesized proteins are stored
within the female and male gametocyte for use in sub-
sequent stages of development. Following uptake of
gametocytes into the mosquito gut, the process of ga-
mete differentiation and zygote formation after fertiliza-
tion is a very rapid process. Storage of proteins for
these processes would be absolutely essential provid-
ing, for example, fast provision of axonemal compo-
nents for rapid assembly of the motor complex and fla-
gella for male gamete motility. Additionally, it has been
shown previously that repressed mRNA species are
stored in the female gametocyte, allowing rapid expres-
sion for development of both this cell type and the fer-
tilized zygote (Hall et al., 2005). It is not clear why the
female gametocyte stores different protein and mRNA
species, although it may possibly be related to the tim-
ing for which these particular functions are required.
Although the work by Khan et al. (2005) has provided
the identity of the proteins involved in gametocyte and
gamete function in Plasmodium, there is still a long way
to go before we fully understand the main events in this
process. For example, although we have some knowl-
edge with respect to the cues that trigger gamete pro-
duction, the specific proteins involved are as yet un-
known. Nevertheless, the work described in this paper
heralds an exciting time as we now have the identity
of many male and female gametocyte-specific proteins
and the genetic tools to construct loss-of-function mu-
tants and perform other genetic manipulations. This
knowledge has the potential to lead to identification of
novel drug targets and ultimately methods to interrupt
transmission of Plasmodium to the mosquito vector.
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Reviving the Exosome
In the nucleus of eukaryotic cells, RNA decay in the
3–5 direction is carried out by a complex of exo-
nucleases called the exosome. Surprisingly, the puri-
fied exosome shows only weak activity in vitro. Two
papers in this issue of Cell, by LaCava et al. (2005)
and Wyers et al. (2005), and a third report by Vana-
cova et al. (2005) help to solve this riddle by charac-
terizing a new RNA decay-activating complex contain-
ing a poly(A) polymerase. In addition, they identify
new unconventional RNA polymerase II transcription
units.
It may be tempting to think about RNA turnover in
eukaryotic cells primarily as an event in the cytoplasm
that degrades those mRNAs that have done their trans-
lational duty. Yet the truth is that the bulk of RNA turn-
over takes place in the nucleus. This is particularly true
in the cells of higher eukaryotes wherew90% of nucle-
otides incorporated into RNA polymerase II transcripts
are intronic sequences that are removed by splicing.
However, even for a simple eukaryote, such as the yeast
Saccharomyces cerevisiae, where onlyw4% of all genes
produce intron-containing transcripts, RNA degradation in
the nucleus is a big deal. Precursors to rRNAs, tRNAs, and
sno- and snRNAs are all processed into smaller species
in the nucleus and the trimmings are recycled. In addi-
tion, all nuclear ribonucleoproteins (RNPs) are subject
to quality control, with the extent of turnover depending
on the condition of the cell, that is, the quantity of aber-
rant RNPs produced.
An active player in all of these processing/degrada-
tion events is the nuclear exosome with its constituent
3#–5# exonucleases (some verified, others putative). Core
exosomes are found in both the cytoplasm and nu-
cleus. The nuclear exosome of yeast, however, is distin-
guished by the presence of the 3#–5# exonuclease Rrp6p,
the putative ATP-dependent RNA helicase Mtr4p/Dob1p,
Previews
661and a protein called Rrp47p/Lrp1p. Yeast strains that
lack Rrp6p or that carry a mutated mtr4 allele exhibit
defective 3# end processing of rRNAs, snRNAs, and
snoRNAs (Allmang et al., 1999; van Hoff et al., 2000;
Kuai et al., 2004). Strikingly, a fraction of these RNAs
also harbored poly(A) tails, which at first glance is curi-
ous because polyadenylation in eukaryotes was thought
to be restricted to mRNAs. It has been assumed that
these poly(A) tails reflect an unusual activity of the
mRNA poly(A) polymerase, Pap1p. However, recent
data seriously undermine this notion by demonstrating
that there is specific polyadenylation of an aberrantly
modified tRNAiMet in vivo (Kadaba et al., 2004). Intrigu-
ingly, defective modification renders tRNAiMet unstable,
and an elegant series of genetic experiments per-
formed with S. cerevisiae revealed a requirement for the
nuclear exosome as well as the putative poly(A) poly-
merase, Trf4p, in the degradation of aberrant tRNAiMet.
Trf4p activity needed to precede the activity of Rrp6p
and the exosome core. This finding recalls data from
experiments with E. coli demonstrating that poly(A) poly-
merasegenerally accelerates RNA degradation suppos-
edly by providing the degradosome (presumably con-
taining the prokaryotic equivalent of the exosome) with
an unstructured tag of adenosines to which it can dock
to initiate degradation (Dreyfus and Regnier, 2002).
Taken together, these data strongly suggest a decay
pathway in yeast reminiscent of that in prokaryotes.
In marked contrast to the highly processive activity
observed in vivo, the purified exosome only exhibited
weak distributive activity on RNA substrates in vitro,
implying that an activator was missing (Mitchell et al.,
1997). It is therefore gratifying that the three new pa-
pers reveal a stable complex of Trf4p and Mtr4p from
yeast in which this function has been observed (LaCava
et al., 2005; Vanacova et al., 2005; Wyers et al., 2005).
Through affinity purification and protein sequencing,
the investigators further identified the Air1p or Air2p
proteins as part of this complex, which LaCava et al.
dubTRAMP (Trf4p/Air2p/Mtr4p polyadenylation complex).
When tested on reporter RNA substrates, purified TRAMP
exhibits robust polyadenylation activity. Trf4p belongs
to the same polymerase family as Pap1p, but like the
newly described cytoplasmic poly(A) polymerases (Bar-
nard et al., 2004 and references therein), it lacks the
carboxy-terminal domain of Pap1p that locks this en-
zyme onto an RNA substrate. The zinc knuckles of Air2p,
or its relative, Air1p, might provide the missing RNA
binding domain because recombinant Trf4p and Air1p
or Air2p are sufficient to reconstitute polyadenylation
(Vanacova et al., 2005; Wyers et al., 2005).
Perhaps the most significant finding of the new
studies is that addition of TRAMP to an exosome prep-
aration boosts its degradation activity (LaCava et al.,
2005; Vanacova et al., 2005). In vivo analyses of yeast
strains defective in various combinations of TRAMP
components suggest that TRAMP recognizes a variety
of nuclear transcripts produced by RNA polymerase I,
RNA polymerase II, and RNA polymerase III (LaCava et
al., 2005; Wyers et al., 2005). Furthermore, these analy-
ses show that TRAMP contributes little to exosome-
mediated RNA processing but rather serves as an activa-
ting cofactor for the nuclear exosome during RNA decay.As might be expected, the new studies on Trf4p di-
verge slightly in the details they uncover, foreshadow-
ing the many questions that remain unanswered re-
garding the mechanism by which TRAMP recognizes
RNA substrates and recruits and activates the exo-
some. For example, what features of RNA molecules
mark them as targets of TRAMP? LaCava and col-
leagues show in vitro that TRAMP stimulates degrada-
tion by the exosome of a short unstructured transcript
and a pre-tRNA transcript. Vanacova et al. found that
unmodified tRNAiMet or a mutant tRNA that could not
fold into its correct tertiary structure were preferred
over native tRNA as substrates for the Tfr4p complex.
Does TRAMP discern the shape of a tRNA through its
Air1p/Air2p subunits? The in vivo analyses indicate a
much broader repertoire of RNA substrates (LaCava et
al., 2005; Wyers et al., 2005). Are these also recognized
by their aberrant structures or are there particular pro-
teins in the RNPs that serve as red flags?
The composition of TRAMP suggests that it has two
enzymatic activities that might be important for exo-
some activation: a poly(A) polymerase activity that pro-
vides a foothold for the exosome and an Mtr4p helicase
activity that unwinds the structure or displaces proteins
that would block progress of the exosome. Here, too, the
three studies demonstrate differing requirements. In
one study, polyadenylation-defective Trf4p was unable
to stimulate the exosome to degrade unmodified tRNA
in vitro (Vanacova et al., 2005), and some substrates are
not degraded as efficiently in a strain expressing a
Trf4p mutant in the catalytic site (Wyers et al., 2005).
Trf4p complexes lacking Mtr4p were also ineffective
(Vanacova et al., 2005; LaCava et al., 2005). Further-
more, the presence of a poly(A) tail is not sufficient to
promote degradation of the tRNA body, and instead
multiple rounds of adenylation and deadenylation may
be needed (Vanacova et al., 2005). In contrast, LaCava
and coworkers found that degradation of pre-tRNA
in vitro did not require ATP, suggesting that although
the physical presence of Mtr4p and the other TRAMP
subunits was mandatory (perhaps to tether the exo-
some to the substrate), their enzyme functions were
dispensible. Currently, there is no clear way to resolve
these different findings.
In their study, Wyers and colleagues hunt for putative
RNA substrates of the nuclear exosome by comparing
the transcriptome of a Drrp6 mutant yeast strain with
that of the corresponding wild-type strain using DNA
microarray technology. The authors fortunately used an
experimental protocol that enriches for probes that tar-
get polyadenylated RNAs. Consequently, signals aris-
ing from polyadenylated snRNAs, snoRNAs, tRNAs,
and some rRNA species are significantly increased in
the Drrp6 strain. Surprisingly, however, a number of sig-
nals derived from intergenic regions also increase in the
Drrp6 mutant. Some of these regions were previously
identified by serial analysis of gene expression (SAGE)
but were not annotated as conventional yeast genes.
What is going on with these intergenic regions? Careful
examination of one of the loci (NEL025c) suggests
some answers. NEL025c RNAs have discrete capped
5# ends but heterogenous 3# ends. Furthermore, tran-
scription of the NEL025c locus, measured by RNA
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662polymerase II occupancy, is similar in wild-type and
Drrp6 strains. Thus, these transcipts seem to arise from
new and independent RNA polymerase II transcription
units and are likely to be rapidly degraded by an Rrp6p/
exosome-dependent mechanism under normal circum-
stances. Consequently, Wyers et al. coin these new
transcripts CUTs for cryptic unstable transcripts. But
why are CUTs so unstable? Promoter features presum-
ably are not relevant because NEL025c transcripts ex-
pressed from a strong heterologous promoter are still
stabilized upon deletion of RRP6. Instead, Wyers et al.
turn to the 3# end and show, unexpectedly for an RNA
polymerase II transcript, that most of the 3# end ade-
nylation cannot be accounted for by Pap1p activity.
This sounds familiar, and sure enough, CUTs are also
stabilized in Dtrf4 and Dair1/Dair2 mutant yeast strains
and are not polyadenylated, in keeping with the involve-
ment of TRAMP.
The recent application of DNA “tiling” microarrays to
molecular biology has shown that much more of the
genome is transcribed than was previously anticipated.
In human cells, such unannotated transcripts are both
polyadenylated and nonpolyadenylated and are found
throughout the cell, although the majority reside in the
nucleus (Cheng et al., 2005). A major challenge is to
sort out how much of such transcription constitutes
“biological noise” and how much corresponds to new
protein-coding or noncoding RNAs. Significantly, Wyers
and coworkers estimate that over 10% of all intergenic
regions in yeast are likely to be transcribed. Are CUTs
functional? A biological role for most CUTs is hard to
imagine, given their low abundance and short half-
lives. Rather, the majority of CUTs might reflect the con-
sequence of inefficient transcriptional repression of
these genomic regions. Perhaps, as suggested by Wy-
ers et al., this could be evolutionarily important for the
creation of new functional loci in the genome. However,
until evolution conquers, cells are wise to ensure that
these potentially harmful transcripts are efficiently re-
moved.
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